Abstract: Population and ecological parameters such as numbers of larvae, microhabitat use, niche breadth and niche overlap of three species of syntopic larval newts (Alpine newt Triturus alpestris, Italian crested newt T. carnifex, and common newt T. vulgaris) were studied for two years in a small pond at 1160 m a.s.l. in NE Slovenia. Differences in microhabitat partitioning among larval newts were small. The largest niche breadth was estimated for larval T. alpestris, and the narrowest estimate was for larval T. carnifex in both years. Ecological differences seem to be very small and quite variable among sites and years. It appears that the developmental stage and size of newt larvae are more important in explaining resource partitioning than the characteristics of each species. Because of the absence of potential invertebrate predators and adult newts in the second half of the breeding season, the injuries could only be caused by intra-and interspecific predation attempts.
Introduction
Investigations of community structure frequently focus on niche comparisons (e.g., macro-and microhabitat, food size and type, variations in feeding sites and time, and changes of all of these factors ontogenetically; Schoener, 1974) of closely-related species. Larval Triturus as adults, show various patterns of occurrence throughout Europe, but the factors that govern local occurrence and relative abundance are not known. The combination of an ephemeral larval stage and a long-lived adult stage within the amphibian life cycle allows two different ecological suites of factors to influence the population, and which suite is most influential at a given site and time is poorly understood.
The biology and ecology of adult newts have been studied (e.g., Glandt, 1978 Glandt, , 1980 Dolmen & Koksvik, 1983; Griffiths, 1987; Dolmen, 1988; Andreone & Giacoma, 1989; Gutleb, 1991; Joly & Giacoma, 1992; Kletečki, 1995; Wenzel et al., 1995; Faber, 1996) much more extensively than in larvae (e.g., Szymura, 1974; Dolmen, 1988; Braz & Joly, 1994; Griffits et al. 1994; Schabetsberger & Jersabek, 1995) . Understanding the community ecology of larval newts is complicated by morphological similarities among species, and ecological differences are probably small and quite variable among sites, years, and communities that differ in composition (e.g., Szymura, 1974; Griffiths, 1987; Braz & Joly, 1994; Jehle et al., 2000) .
Triturus vulgaris (L., 1758) is widely distributed throughout Europe (Nöllert & Nöllert, 1992; Griffiths, 1996; Kuzmin & Zuiderwijk, 1997) . Larvae of this ecological and elevational generalist reach a maximum length of about 40 mm. The larvae of T. alpestris (Laurenti, 1768) , distributed in C Europe (Nöllert & Nöllert, 1992; Griffiths, 1996; , attain a total length of 60 mm and are more common at higher elevations. T. carnifex (Laurenti, 1768) is restricted to the Apennine Peninsula, S Alps and the Balkans (Nöllert & Nöllert, 1992; Griffiths, 1996; Arntzen & Borkin, 1997) . These larvae attain a total length of 70 mm and are never as abundant as the other two species; they are perhaps more common at oligotrophic sites.
In this study, population and ecological data of three newt species of Triturus breeding syntopically are presented. The study was focussed on co-existence of the three closely related species during the larval stage.
Material and methods
The study pond, near the skiing centre of Areh on Mt. Pohorje (46 • 30 N, 15 • 29 E), was located at 1160 m a.s.l. in the prealpine phytogeographical region (MARINČEK, 1987) • C in July, and declined to 8
• C by October. These data are based on about eight measurements per month taken during larval sampling at various locations thought the pond. Equisetum spp. formed a uniform stand throughout the pond; about one-third of the area was vegetated with Potamogeton natans, and boreal forest surrounded the pond. The pond usually filled as the snow melted in April and dried up completely by August or September in some summers.
The pond is near the upper elevational limit of T. carnifex and T. vulgaris in Slovenia (pers. obs.). Dragonfly nymphs, Aeshna cyanea (Muller, 1764), A. juncea (L., 1758), were the only invertebrate predators; other amphibians included Salamandra salamandra (L., 1758), Bombina variegata (L., 1758), Bufo bufo (L., 1758) and Rana temporaria (L., 1758), and the only reptile at the site was Natrix natrix (L., 1758).
Data on larval newts were collected from July to August 1996 and June to August 1997. All data were collected during the day. This mean that biases could occur since newts and their larvae also have crepuscular and nocturnal activity. Accordingly, this study presents only diurnal distribution of newt's larvae in microhabitat. Adult and larval newts and dragonfly larvae were captured with a dipnet (area of net was 0.11 m 2 ) at 25 marked sites arranged in roughly a 5 × 5 m grid on the entire pond. One net sweep of about 1 m in length was taken at each site on each visit. Depths taken at all sites were categorised into zones of 0-15, 16-30, 31-45 and 46-60 cm. Since all larvae were caught by the same method and throughout the entire pond, it was assumed that the probability of catching any particular species of larvae was approximately equal.
Estimations of population sizes and densities (no. of individuals m −2 ) of adult and larval newts and dragonfly nymphs were calculated according to capture recapture methods (SHAFFER et al., 1994) .
Niche breadth was calculated using Levins ' (1968) formula B = 1/(nΣp 2 i ), where pi represents the proportion of a species found in the i th unit (HEYER et al., 1994) . Values of this index range from 1 to n with greater values indicating a broader niche. These values were standardised on a scale from 0 to 1 with the formula (HULBERT, 1978) BA = (B − 1)/(n − 1), where B represents Levins' measure of niche breadth and n represent the number of possible resource states. Niche overlap was estimated by (COLWELL & FUTUYMA, 1971 )
where Pi is the fraction ni/N of resource i given for two species j and k. N is the total number of individuals observed, and ni is the number of individuals observed in resource i. Niche breadth and niche overlap were calculated for vertical position in the water (see DOLMEN, 1988) , and all positions in the water were assumed to be equally available to all newt.
Pearson's correlation coefficient was used to test the relationship between densities, whereas Mann-Whitney U test and Kruskal-Wallis one-way ANOVA were used to test differences among population sizes (SOKAL & ROHLF, 1995) .
Results
Migration of adults to the breeding pond started in late April in both years; most adults of all three species were in the breeding pond by early May, and the first eggs were found near the end of May. Eggs were usually laid in a series on leafs or stalks of plants. The first larvae appeared at the end of June, and the first metamorphs of T. alpestris and T. vulgaris were found at the beginning of September. T. carnifex started to metamorphose in early October. Larvae of all three species that did not metamorphose before the winter did not survive until spring, presumably because of the anoxic conditions under the ice.
Rana temporaria deposited about 30 spawn clumps. Only a few spawns of Bufo bufo and Bombina variegata were observed. Newt larvae were the most abundant larvae at the study site. A few larvae of Salamandra salamandra first appeared at the end of August.
The relative numbers of adult and larval newts changed during the breeding season, and the presence of adults and larvae overlapped for about two months. Ratios of species occurrence calculated at the times of the largest population estimates in 1997 were similar for adults (T. alpestris : T. vulgaris : T. carnifex 14 : 3 : 1) and larvae of T. carnifex and T. vulgaris (T. alpestris : T. vulgaris : T. carnifex 6.2 : 2.5 : 1; Tabs 1, 2). In 1996, larvae occurred in the ratio of 13.7 : 4.6 : 1 with the species in the same order.
The larvae of T. alpestris was the most numerous in both years (Tab. 1), and interspecific differences among population sizes were significant in both years (Kruskal-Wallis test, one-way ANOVA, Chi-square = 9.84, df = 2, P < 0.005). There were no intraspecific differences among populations between years (T. alpestris: Mann-Whitney U = 5.0, P > 0.05; T. vulgaris: MannWhitney U = 5.0, P > 0.05; T. carnifex: Mann-Whitney U = 3.0., P > 0.05). It was assumed that predation by Aeshna spp. was equal among larvae of all species when calculating relationships between the densities of Aeshna spp. larvae and newt larvae. The relationship between density of newt larvae and Aeshna spp. was not significant (r = −0.785, P > 0.05, n = 6).
In general, larvae did not chose the warmest water (i.e., 0-15 cm): T. alpestris, r = −0.08, P > 0.05, n = 8; T. vulgaris: r = −0.35, P > 0.05, n = 8; and T. carnifex: r = −0.33, P > 0.05, n = 8). The water depths where larval Triturus alpestris were found varied significantly between dates in 1996 (Kruskal-Wallis one-way ANOVA, Chi-square = 28.55, df = 3, P < 0.001) and 1997 (9.39, df = 3, P < 0.05). Average depth distributions of larval T. alpestris ranged from 26-34 cm. Similarly, the distribution of T. vulgaris larvae among water depths varied between date significantly in 1996 (Kruskal-Wallis one-way ANOVA, Chi-square = 14.09, df = 3, P < 0.05) and in 1997 (16.15, df = 3, P < 0.001). The distribution of larval T. alpestris averaged 26-37 cm. There were no differences between the depth distributions of T. alpestris and T. vulgaris larvae among sampling dates in 1997, except on 22 July (Mann-Whitney U = 193.5, P < 0.05) when the difference in depth distribution between the both species was detected. In contrast to the other two species, the distribution of T. carnifex larvae throughout the pond did not vary among dates in 1996 (Kruskal-Wallis oneway ANOVA, Chi-square = 2.39, df = 3, P > 0.05; too few larvae caught in 1997). The larvae were equally distributed in the water column. However, larval T. alpestris seem to be the most benthic and larvae of T. carnifex the most nektonic. The larvae of all three species were observed in all types of microhabitats.
The largest niche breadth was estimated for larval T. alpestris, and the narrowest estimate was for larval T. carnifex in both years (Tab. 3). There were large differences in the niche breadths of species between years, and in general all species had narrower niches in 1996 than in 1997. The water depth was about 10 cm greater in 1996, but there was no difference in water temperature at 10 cm (Mann-Whitney U = 4.5, P > 0.05). The niche overlaps differ slightly among the species between both years (Tab. 4)
Discussion
The larvae of all three species of newts show great flexibility in microhabitat use at least during the day. The large differences in niche breadths between years and only minor differences in niche overlaps between years could be explained by the plasticity of the spatial demands of Triturus larvae. The hypothesis of differential use of microhabitats among species was also not fully confirmed by, e.g., Szymura (1974) , Griffiths (1987) , and Braz & Joly (1994) . They detected some differences in habitat use, but the differences were connected with pond characteristic such as water depth and vegetation. Stomach content of the larvae was not examined, but Avery (1968) found no differences in the stomach contents between the larvae of T. cristatus (sister species of T. carnifex) and T. vulgaris. He did find that larger larvae take larger prey than smaller larvae. Dolmen & Koksvik (1983) discussed that the newts do not necessarily select the food most appropriate to their own size. Their diet is in general restricted to microcrustaceans and small chironomids (Dolmen & Koksvik, 1983; Kuzmin, 1991; Braz & Joly, 1994) .
Most researchers conclude that there are only minor differences in microhabitat use and foraging (e.g., Griffiths, 1987; Braz & Joly, 1994) and seasonal use (Szymura, 1974) among Triturus larvae. The differences in niche overlaps among larval Triturus seem to be only minor. Pianka (1974) suggested that extensive niche overlap may actually be correlated with reduced competition. If resources are not in short supply, two organisms can share them without detriment to one another. The coexistence of species with near-identical niches may occur if there are unlimited supplies of resources (Griffiths, 1987) . Braz & Joly (1994) found out the highest similarity among the species in both habitat and diet was in a pond where prey was scarce and microhabitats were more diverse. Differences in habitat and diet were detected in ponds where prey was relatively abundant. Simply demonstrating an overlap in resource use by two species in nature can be evidence either for or against the existence of competition between them (Colwell & Futuyma, 1971) .
Although competition has generally been given greater consideration as a major determinant in amphibian community organisation (reviewed by Crump, 1982) , such a paradoxical result suggest that competition was not the selective pressure responsible for the differences observed. Connel (1975) pointed out that predation may reduce densities such that competition is reduced or prevented. Stenhouse et al. (1983) and Stenhouse (1985) concluded that predation was probably more important than competition in interactions between the species of Ambystoma opacum (Gravenhorst, 1807) and A. maculatum (Shaw, 1802) .
Dragonfly nymphs are voracious predators of larval amphibians (e.g., Griffiths, 1996) and were common at my study site. These Aeshna nymphs were pursuit hunters, and their estimated population decreased late in the season because of metamorphosis into adults. The estimated population sizes of newt larvae increased remarkably at about the same time (Tab. 1). Newly-hatched newts apparently suffered considerably less predation from dragonflies in the second half of the breeding season compared with the first half of the season. The frequency of observed injured larvae was higher in the second half of the breeding season (pers. obs.) and because of the absence of potential invertebrates predators and adult newts the injuries could be caused only by intra-and interspecific predation.
The larger larvae of T. cristatus preyed upon the smaller larvae of T. vulgaris (Dolmen & Koksvik, 1983) . Babik (1998) showed with his experiments that T. cristatus and T. alpestris were preyed upon equally and in both cases also or exclusively by conspecifics. Interestingly T. vulgaris larvae were not involved in any act of predation either as a predator or as prey under experimental conditions. The density of newt larvae in my research pond increased remarkably during the second half of the breeding season (Tab. 2) because newlyhatched larvae appeared and different size classes of larvae were present. The differences in size may be caused by body size of adults that breed at different times, time of egg deposition, and rate of growth. The larvae of T. cristatus have the greatest growth rate, T. alpestris grows more slowly, and T. vulgaris grows the slowest (Griffiths, 1996) . Babik (1998) discussed that some biases may be introduced to his experiment because of large differences in the developmental stages of newt larvae. Young larvae are especially vulnerable to predation (e.g., Anderson et al., 1971) . That is actually the case under natural condition because the larvae vary by species, size, and stage of development. Predation occurred at a size (snout-vent length) of 4-7 mm (Babik, 1998) . The spectrum of size classes of newt larvae in a pond (pers. obs.) enables predation among species and among conspecifics. Babik (1998) hypothesised that the larvae of these species do not treat other larvae of their own species as potential predators, even when the differences in size are large. Brockelman (1969) suggested that high predation rates may actually benefit individual larvae by eliminating a negative effect on growth by reducing the crowding effect. Because of the high altitude and short summer period larvae that were hatched in the second half of the breeding season were also likely to get trapped in the pond because of the cold. Predation among species and among conspecifics could actually allow the existence of all three species of newt in the same pond. The exclusion or displacement of any species may be incomplete or even impossible under the constant conditions in the pond. In size-dependent predator-prey systems, cohorts that hatch early may be able to achieve a size-refuge from larger predators and be at less risk from predation than later cohorts (Griffiths et al., 1994) .
When analysing species interactions within amphibian communities, we must be aware that the system is dynamic, and species associations are constantly changing. The degree of niche overlap between species has been suggested as a measure of interspecific competition and has often been used to produce hypotheses about its consequences for population and communities (e.g., MacArthur & Levins, 1967) . Use of niche overlap indices is based on the assumption that individuals within the population are ecologically identical and therefore overlap to the same degree with the individuals of another species (e.g., Colwell & Fuentes, 1975) . This assumption is unlikely to be met in larval newts because the population consists of specimens that differ markedly in size and competitive ability. Individual larvae can also display flexibility in foraging and make shifts in their prey type, size, foraging mode and habitat (e.g., Dolmen & Koksvik, 1983) . The developmental stage and size of newt larvae are probably more important for an explanation of resource partitioning than the characteristics of each species.
